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© A process for producing a water-soluble cationic polymer having a high molecular weight and containing a 
reduced amount of water-insoluble gel. and a polymer obtained by this process are disclosed. The process 
comprises polymerizing or copolymerizing at least one member selected from the group consisting of vinyl 
monomers represented by general formula (1), neutralized salt monomers represented by general formula (2), 
and quaternary ammonium salt monomers represented by general formula (3) and containing 100 ppm of a 
divinyl monomer represented by general formula (5), with a vinyl monomer represented by general formula (4) in 
a molar ratio of 100 : 0 to 5 : 95. In formula (1), Ri represents hydrogen or methyl, and R 2 and R 3 each 
represents 1 ~ 3C alky I: in formula (2). R ti R 2 . and R 3 are as defined above, and X represents an anionic 
counter ion: in formula (3), Ri, R 2 . Rs. and X are as defined above in (2), and R* represents 1 - 4C alkyl or 
benzyl: in formula (4), Ri represents hydrogen or methyl and in formula (5). Ri represents hydroggen or methyl. 
The resulting polymer serves as an excellent flocculating agent. 
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(I) R» y Rz <2) Rt / Rl 

CHj*C-CONH <CK*> i\' n CKi.= C-COXH (CKa) >N-H 

R» Rj 



(3) Ri / R * 

CHa = C-C ONK (CHt) >N-Ri 

R« 



(4) 



R i 

CHj = C- 



COXH: 



(5) Ri 

CHi = C-COXH-CHt-CH = CH» 
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CATIONIC POLYMER HAVING A GOOD WATER-SOLUBIUTY 



TECHNICAL FIELD 

The present invention relates to a cationic polymer having a high molecular weight with an excellent 
water-solubility. More particularly, the present invention relates to a cationic polymer having a high 
5 molecular weight and an excellent water-solubility, which is prepared by polymerizing only one monomer of 
diaIkylaminopropyl-(meth)acryIamide, its neutralized salt and its quarternary ammonium salt, as a recurring 
unit constituting the polymer, or by copolymerizing the foregoing monomer with (meth)acrylamide. 



w BACKGROUND ART 

In recent years, there have been employed various cationic polymers as paints, paper processing 
agents, flocculants, and the like. Particularly in the field of flocculants, there is an increased necessity of 
such polymers for a treatment of water contaminated with organic substances or colored waste water, such 
15 as municipal sewage. 

Various cationic polymer flocculants are used for these purposes. However, any sufficiently satisfied 
flocculant has not yet been provided. For instance, even if a suspended solid can be flocculated, the 
resulting cake is poor in dehydration property or filterability. Thus there has been desired a development of 
a cationic flocculant having a high performance for a more economical and efficient treatment. 

20 As the cationic flocculant for such uses, there have been proposed a cationic modified polyacrylamide, 
and a copolymer of acrylamide with N,N-dialkylaminoethyl (meth)acrylate or its quaternary ammonium salt 
(see Japanese Examined Patent Publication No. 51-17142 and Japanese Examined Patent Publication No. 
53-22938); and a polymer of N,N-dialkylaminoalkyl-(meth)acrylamide. or its quaternary ammonium salt or 
neutralized salt (see Japanese Unexamined Patent Publication No. 59-24708 and Japanese Unexamined 

25 Patent Publication No. 59-26106). 

However, since the above-mentioned cationic modified polyacrylamide is prepared by a modification 
method employing a polymer reaction, it is obliged to use polyacrylamide having a low molecular weight as 
a raw material in order to obtain a modified polymer having a high degree of cationization. However, for the 
purpose of obtaining a cationic polymer flocculant having a high performance, it is necessary to use a 

30 polymer having a high molecular weight. From this point of view, conventional cationic modified polymers 
are insufficient The copolymer of acrylamide with N.N-dialkylaminoethyi (meth)acrylate or its quaternary 
ammonium salt has another defect that the acrylate as a starting monomer is easily hydrolyzed to by- 
produce a substance having carboxyl group which is an anionic group, during an aqueous solution 
polymerization, which results in formation of a polymer having a lower degree of cationization. When N,N- 

35 diaIkylaminoalkyl-(meth)acrylamide, or its quaternary ammonium salt or neutralized salt, which is developed 
as a monomer being prevented from the above-mentioned hydrolysis, is used for producing a polymer 
having a high average molecular weight of not less than 10 6 and having a high degree of cationization, a 
desired polymer having a high molecular weight and a high degree of cationization cannot be obtained due 
to formation of a water-insoluble gel-like material, the composition of which is indeterminable. 

40 

DISCLOSURE OF THE INVENTION 

Extensive researches have been made in order to solve the above-mentioned problems and to obtain a 
45 cationic polymer having a high molecular weight and a high degree of cationization and as a result, it has 
been found that the above-mentioned water-insoluble gel-like material is derived from a divinyl monomer 
contained in the cationic monomer used for the polymerization, and the present invention has been 
accomplished on the basis of the finding. 

The present invention provides a cationic polymer having a good water-solubility which has an average 
so molecular weight of not less than 10 s and wherein the content of water-insoluble gel is not more than 50 
g/g, said polymer being obtained by polymerizing or copolymerizing one or more monomers selected from 
the group consisting of a vinyl monomer represented by the general formula (1 ), a neutralized salt monomer 
represented by the general formula (2) and a quaternary ammonium salt monomer represented by the 
general formula (3); and a vinyl monomer represented by the general formula (4). in a ratio of the monomer 
(1), (2) or (3) to the monomer (4) of 100 : 0 to 5 : 95 by mole. 
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(1) Ri R 2 

CH 2 =OCONH(CH 2 ) 3 N 

5 

wherein Ri represents hydrogen atom or methyl group, and R2 and Fb represent alkyl group having 1 to 3 
carbon atoms. 

(2) Ri R 7 
CH 2 =C-CONH(CH 2 ) 3N-H • X" 

75 wherein Ri, R2 and Ra are the same as defined in the above (1), and X represents anionic counter ion. 

(3) R, R, 
CH 2 =C-CONH(CH 2 ) 3 + N-R 3 - X" 

20 \ 

4 

wherein Ri, R2, R3 and X are the same as defined in the above (2), and R* represents alkyl group having 1 
to 4 carbon atoms or benzyl group. 



25 



(4) Hi 



CH 2 =C-CONH 2 

30 wherein Ri represents hydrogen atom or methyl group. 

The average molecular weight M of the polymer is obtained as a value calculated, according to the 
following formula, from the intrinsic viscosity M which is determined at 30 *C by means of an Ostwald 
viscometer, using solutions prepared by dissolving the polymer into 1N sodium nitrate aqueous solution. M 
= 1.4x10 5 xfo] 3/2 

35 The content of the water-soluble gel is represented in terms of the weight (g) of the gel per 1 g of the 
dry polymer, which weight is determined on the basis of the weight of a residue obtained by filtering, by 
means of a 200 mesh screen, a solution prepared by dissolving 1 g of an absolutely dried polymer into 
1,000 ml of water. 

The process for preparing the polymer of the present invention is explained below. 
40 In order to prepare a desired cationic polymer of the present invention having an average molecular 
weight of not less than 10 6 and a content of water-insoluble gel of not more than 50 g/g dry polymer by 
using the monomers represented by the above-mentioned general formulas (1) to (4), it is necessary that 
the content of the divinyl monomer represented by the general formula (5) contained in one or more kinds 
of monomers to be used for polymerization is not more than 100 ppm, preferably not more than 20 ppm. 

45 

(5) Ri 

CH 2 =OCONH-CH 2 -CH=CH 2 

50 wherein R 1 represents hydrogen atom or methyl group. 

When a monomer containing the divinyl monomer in an amount of more than 100 ppm is used, a 
polymer containing the above-mentioned water-insoluble get-like material in an amount of more than 50 g/g, 
which is poor in practical use, is obtained. In order to make the polymer into a practical product, it is 
necessary to further purify it by means of solvent extraction, or the like, which results in an economical 

55 disadvantage. 

The above-mentioned monomers represented by the general formulas (1 ) to (4) wherein the content of 
the divinyl monomer is not more than 1 00 ppm can be obtained by refining each crude monomer under a 
reduced pressure in nitrogen gas atmosphere to remove the divinyl monomer. 



4 



EP 0 419 654 A1 



Examples of the vinyl monomer represented by the general formula (1) used for preparing the cationic 
polymer of the present invention are. for instance, N.N-dimethylaminopropylacrylamid . N,N- 
diethylaminopropylacrylamide, N.N-dipropylaminopropylacrylamide, and the corresponding methacrylic de- 
rivatives thereof. Since these vinyl monomers have a tendency that the monomers easily form the divinyl 

5 monomer represented by the general formula (5) in the presence of air, it is desirable that the vinyl 
monomers are polymerized immediately after preparation of monomers containing the divinyl monomer in 
an amount of not more than 100 ppm. When these vinyl monomers are stored, an appropriate treatment 
such as shutting off from air, especially oxygen, is required. 

Since the neutralized salt (general formula (2)) and the quaternary ammonium salt (general formula (3)) 

70 of the foregoing vinyl monomers produce the divinyl monomer only in a slight amount during storage, it is 
preferable to use the neutralized salt or the quaternary ammonium salt so long as the properties of a 
polymer obtained therefrom are acceptable. 

The neutralized salt monomer represented by the general formula (2) used in the present invention can 
be prepared by reacting the above-mentioned vinyl monomer represented by the general formula (1) with 

75 various mineral acids or organic acids, for instance, hydrochloric acid, sulfuric acid, phosphoric acid, acetic 
acid and p-totuenesulfonic acid, by means of conventional methods, for instance, the methods disclosed in 
Japanese Examined Patent Publication No. 58-15942 and Japanese Examined Patent Publication No. 58- 
67651. 

The quarternary ammonium salt represented by the general formula (3) used in the present invention 

20 can be prepared by reacting the vinyl monomer represented by the general formula (1) with a conventional 
agent for forming quaternary salt, such as alkyl halide, aralkyl halide and dialkyl sulfate. Among them, 
methyl chloride, ethyl chloride, propyl chloride and benzyl chloride are more preferable. More concretely, 
for instance, the method described in Japanese Unexamined Patent Publication No. 59-24708 can be 
utilized to prepare the quaternary salts. 

25 As for the method for obtaining the cationic polymer of the present invention, usual methods utilized for 
polymerization of such kinds of water-soluble vinyl monomers can be adopted. 

As for the polymerization initiator, peroxides such as ammonium persulfate, potassium persulfate and 
benzoyl peroxide; azo compounds such as azobisisobutyronitrile and 2,2'-azobis(2-amidinopropane) 
dihydrochloride; redox catalysts, and the like, can be used. Especially, in order to obtain a polymer having a 

30 higher molecular weight, it is advantageous to use a redox catalyst. 

Examples of the oxidizing agent as a component of the redox catalyst are, for instance, hydrogen 
peroxide; persulfates such as ammonium persulfate, potassium persulfate and sodium persulfate; bromates 
such as potassium bromate and sodium bromate; perborates such as potassium perborate, sodium 
perborate and ammonium perborate; percarbonates such as potassium percarbonate, sodium percarbonate 

35 and ammonium percarbonate; and perphosphates such as potassium perphosphate, sodium perphosphate 
and ammonium perphosphate. 

On the other hand, examples of the reducing agent are, for instance, ferrous salts such as ferrous 
sulfate and ferrous chloride; water-soluble inorganic reducing agents such as potassium bisulfite, sodium 
bisulfite, potassium metabisulfite, sodium metabisulfite, potassium thiosulfate, sodium thiosulfate and 

40 sodium nitrite; and water-soluble tertiary amines such as triethanolamine, triethylamine, trimethyiamine, 
dimethylaminomethyi methacrylate, dimethylaminoethyl acrylate and tetramethylethylenediamine. 

These polymerization initiators are usually used in an amount within the range of about 0.001 to 0.5 % 
by weight per total amount of the monomer. 

The initiation temperature of polymerization varies depending on the kind of the initiator used. Usually a 

45 temperature of 0* to 100* C, more preferably 10* to 50"C, is adopted. As for the method. for polymeriza- 
tion, usual methods such as aqueous solution polymerization, reversed phase emulsion polymerization and 
bulk polymerization can be adopted, and the method for polymerization is not limited to any particular one. 

It is preferable that the concentration of dissolved oxygen in the polymerization system is reduced as 
much as possible not only from the viewpoint that the presence of oxygen inhibits a smooth progress of the 

so polymerization, but also from the viewpoint of inhibiting gelation due to by-production of the divinyl 
monomer represented by the general formula (5) during polymerization reaction. More particularly, it is 
preferable to reduce the concentration of oxygen to not more than 0.5 ppm, more preferably not more than 
0.1 ppm, by displacing the atmosphere of the polymerization system with inert gas such as nitrogen gas. 

55 

INDUSTRIAL APPLICABILITY 

In accordance with the present invention, a monomer wherein the content of the divinyl monomer is not 
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mor than 100 ppm is used as the starting material in the preparation of a cationic polymer having a high 
molecular weight, thereby yielding a cationic polymer having a high degree of cationization, an excellent 
water-solubility and a high molecular weight and wherein the amount of a water-insoluble gel-like material is 
suppressed. Accordingly, a cationic flocculant which provides excellent dehydration property, filterability 
5 and efficiency from economical aspect can be obtained. 

EXAMPLES 

10 The present invention is more specifically explained by means of the following Examples. However, the 
present invention is not limited to the Examples and includes other examples unless they are beyond the 
gist of the present invention. Hereinafter, part, percent and ppm are represented by weight basis unless 
otherwise noted. 

The measurements in Examples are determined by the following methods. 
75 -Degree of polymerization and content of water-insoluble gel- 

The obtained polymer was a rubber-like elastomer. The degree of polymerization was determined by 
means of an iodometry method to obtain a purity of the polymer. A sample of the rubber-like elastomer, the 
amount of which was equivalent to 1 g of a dry polymer, was taken and the sample was dissolved into 
1,000 mi of water at a room temperature over a night. The gel in the obtained solution was filtered off by 
20 means of 200 mesh screen and the free water of the gel was sufficiently wiped away. Then the gel was 
weighed to determine the weight of the water-insoluble gel. 
-Average molecular weight of the polymer- 

The intrinsic viscosity M of the obtained polymer was determined at 30 ° C by means of an Ostwald 
viscometer, using solutions prepared by dissolving the polymer into 1N sodium nitrate aqueous solution. 
25 The average molecular weight (Mw) of the polymer was calculated according to the following formula: 
M = 1.4x10 5 x[i?] 3/2 



Example 1 

30 

1 . Preparation of polymer 

N.N-dimethylaminopropylacrylamide was rectified under a reduced pressure in nitrogen gas atmo- 
35 sphere to completely remove a divinyl monomer (N-allylacrylamide). Immediately thereafter, it was sub- 
jected to the following polymerization. The analysis of N-allylacrylamide was carried out by means of gas 
chromatography. 

The obtained N,N-dimethyiaminopropyIacrylamide was mixed with a commercially available acrylamide 
in a ratio of 20 : 80 by mole to give an aqueous solution containing 15% of the mixed monomer. One 

40 hundred and fifty parts of the solution was put into a beaker and adjusted to pH 3.0 with sulfuric acid. The 
solution was placed in an insulated and closed glass polymerization vessel equipped with a stirrer, a 
therometer and a conduit for nitrogen gas. The vessel was immersed in a water bath thermostated at 20° C 
and nitrogen gas of a high purity was introduced into the vessel until the concentration of dissolved oxygen 
in the system became 0.1 ppm. 

45 Then 50 ppm (per monomer) of ammonium persulfate and 50 ppm (per monomer) of sodium bisulfite 
were added to the mixture, and nitrogen gas of a high purity was further introduced for five minutes with 
stirring. 2,2'-Azobis-(2-amidinopropane) dihydrochloride was added in an amount of 100 ppm to the mixture 
and further nitrogen gas of a high purity was introduced for one minute with stirring. The polymerization 
reaction was initiated within 10 to 20 minutes after the addition of the whole amount of initiators. The 

so system showed exothermic change and an increase in viscosity. After the stirring could not be continued, 
the polymerization was carried out without stirring, and the reaction was completed 3 hours after the 
initiation of the polymerization to give a polymer. 

With respect to the obtained copolymer, the degree of polymerization, the average molecular weight 
(Mw) and the content of insoluble gel were determined. The results were as follows: The degree of 

55 polymerization was 99.2 %, the average molecular weight was 2.59 x 10 G and any water-insoluble gel could 
not be observed. 
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Example 2 

The same procedures as in Example 1 were repeated except that N,N-dimethyIaminopropylacrylamide 
which was purified in the same manner as in Example 1 , sealed in the presence of air in a container and 
s stored at a room temperature for 2 days, thereby increasing the content of the divinyl monomer from 0 ppm 
to 2 ppm, was used to give a rubber-like elastomer. 

With respect to the obtained copolymer, the degree of polymerization, the average molecular weight 
(Mw) and the content of water-insoluble gei were determined. The results were as follows: The degree of 
polymerization was 99.3 %, the average molecular weight was 2.32 x 10 6 and the content of water-insoluble 
10 gel was 1 2 g/g. 



Comparative Example 1 

75 The same procedures as in Example 1 were repeated except that N.N-dimethylaminopropylacrylamide 
which was purified in the same manner as in Example 1 , sealed in the presence of air in a container and 
stored at 20* C for 20 days, thereby increasing the content of the divinyl monomer from 0 ppm to 120 ppm, 
was used to give a rubber-like elastomer. The elastomer formed a water-containing massive gel in water. 
The degree of polymerization and the average molecular weight could not be measured. The content of 

20 water-insoluble gel was 450 g/g. 



Comparative Example 2 

25 The same procedures as in Comparative Example 1 were repeated except that each initiator was used 
in an amount of 100 times that used in Comparative Example 1 to give a rubber-like elastomer. 

With respect to the obtained copolymer, the degree of polymerization, the average molecular weight 
(Mw) and the content of insoluble gel were determined. The results were as follows: The degree of 
polymerization was 99.7 %, the content of water-insoluble gel was 38 g/g which showed that the polymer 

30 was comparatively good in water-solubility, but the average molecular weight was only 1.06 x 10 5 . That is, 
the content of water-insoluble gel could be decreased, but the average molecular weight became lower. The 
obtained copolymer was unsatisfactory as a flocculant. 



35 Example 3 

N.N-dimethylaminopropylmethacrylamide which was rectified under a reduced pressure in nitrogen gas 
atmosphere to remove completely the divinyl monomer (N-allyimethacrylamide) was used instead of N.N- 
dimethylaminoprolylacrylamide used in Example 1. The polymerization was carried out under the same 
40 conditions as in Example 1 to give a rubber-like elastomer. 

With respect to the obtained elastomer, the degree of polymerization, the average molecular weight 
(Mw) and the content of water-insoluble gel were determined. The results were as follows: The degree of 
polymerization was 98.8 %, the average molecular weight was 1.76 x 10 6 and any water-insoluble gel could 
not be observed. 



Comparative Example 3 

The same procedures as in Example 1 were repeated except that the N.N-dimethylaminopropyl- 
50 methacrylamide which was purified in the same manner as in Example 3, sealed in the presence of air in a 
container and stored at 30 'C for 30 days, thereby increasing the content of the divinyl monomer (N- 
allylmethacrylamide) from 0 ppm to 114 ppm, was used to give a rubber-like elastomer. The elastomer 
formed a massive gel when it was dissolved in water. Accordingly, the degree of polymerization and the 
average molecular weight could not be determined. The content of water-insoluble gel was 430 g/g. 



Examples 4 to 6 
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A 1 liter autoclave was charged with 360 parts of N,N-dimethylaminopropylacrylamide which was 
rectified in the same manner as in Example 1 (the divinyl monomer was not detected), 100 parts of acetone 
and 1 part of hydroquinone monomethyl ether. After the mixture was cooled to a temperature of not more 
than 20 *C, 119 parts of water was added to the mixture. After the addition of water, nitrogen gas was 
s introduced into the reaction system to displace oxygen till the concentration of the dissolved oxygen in the 
system became 0.4 ppm. Methyl chloride was introduced under a pressure of 1.4 to 1.5 kg/cm 2 from a 
bomb to initiate the reaction. The reaction of forming a quaternary salt was carried out at a temperature of 
not more than 40 * C for 20 hours. After the reaction mixture was separated into two layers, the acetone 
layer of 32 parts was removed, and the solution layer containing 3-acrylamidopropyltrimethylammonium 
w chloride was treated under a reduced pressure at 20* to 30* C to remove the contained acetone, yielding 
586 parts of an aqueous solution containing 3-acryiamidopropyltrlmethylammonium chloride. The concentra- 
tion of the quaternary ammonium salt in the product was 78.8 %, and the divinyl monomer (N- 
allylacrylamide) was not detected. 

The thus obtained 3-acrylamidopropyltrimethyl-ammonium chloride was mixed with acrylamide in each 
rs ratio of 10/90, 30/70 or 80/20 by mole (corresponding to Examples 4, 5 and 6, respectively) to give an 
aqueous solution containing 15% of the mixed monomer. Each solution was subjected to polymerization 
under the same conditions as in Example 1 to give a polymer. 

With respect to each of the obtained polymers, the degree of polymerization, the average molecular 
weight (Mw) and the content of water-insoluble gel were determined. The results were as follows. All the 
20 polymers had average molecular weights of not less than 10 s and good water-solubilities and did not 
contain any water-insoluble gel. 

Example 4: Degree of polymerization: 99.5 % Average molecular weight: 3.23 x 10 6 No water- 
insoluble gel was observed. 
Example 5: Degree of polymerization: 99.3 % Average molecular weight: 2.25 x 10 6 No water- 
25 insoluble gel was observed. 

Example 6: Degree of polymerization: 98.9 % Average molecular weight: 1 .32 x 10 6 No water- 
insoluble gel was observed. 



30 Comparative Examples 4 to 6 

The same procedures as in Examples 4 to 6 were repeated except that N.N- 
dimethylaminopropylacrylamide containing 205 ppm of the divinyl monomer (N-altylacrylamide) was used 
instead of the N,N-dimethylaminopropyIacrylamide in Examples 4 to 6 to give an aqueous solution of 3- 
35 acryiamidopropyltrimethylammonium chloride. The concentration of the quaternary ammonium salt in the 
product was 78.7 %, and the content of the divinyl monomer (N-allylacrylamide) was 105 ppm. 

The thus obtained 3-acrylamidopropyltrimethyl-ammonium chloride was mixed with acrylamide in each 
ratio of 10/90, 30/70 or 80/20 by mole (corresponding to Comparative Examples 4, 5 and 6, respectively) to 
give an aqueous solution containing 15 % of the mixed monomer. Each solution was subjected to 
40 polymerization under the same conditions as in Examples 4 to 6. 

With respect to each of the obtained polymers, the degree of polymerization, the average molecular 
weight (Mw) and the content of water-insoluble gel were determined. The degree of polymerization, the 
average molecular weight and the content of water-insoluble gel were as follows. All the polymers had poor 
water-solubilities. 

45 

Comparative Example 4: 

Degree of polymerization: 99.3 % 
so Average molecular weight: 2.52 x 1 0 s 
Content of water-insoluble gel: 82 g/g 

Comparative Example 5: 

55 The degree of polymerisation and the average molecular weight could not be measured due to formation 
of a massive gel when the polymer was dissolved in water. 
Content of water-insoluble gel: 240 g/g 
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Comparative Example 6: 

The degree of polymerization and the average molecular weight could not be measured due to formation 
of a massive gel when the polymer was dissolved in water. 

Examples 7 and 8 

A three necked flask equipped with a stirrer, a thermometer and a dropping funnel was charged with 
1 000 parts of N.N-dimethylaminopropylacrylamide which was rectified in the same manner as in Example 1 
(the divinyi monomer was not detected). 652.1 parts of 49.62 % sulfuric acid aqueous solution containing 
0.5 part of oxalic acid as a polymerization inhibitor was added dropwise into the flask over 1.5 hours while 
being cooled with ice so that the inner temperature was not more than 30* C to give an aqueous solution of 
N.N-dimethylamino propylacrylamide sulfate. The concentration of dissolved oxygen in the product was 1.2 
ppm and the divinyi monomer was not detected. 

The thus obtained N,N-dimethylaminopropytacrylamide sulfate was mixed with acrylamide in each ratio 
of 25/75 or 100/0 by mole (corresponding to Examples 7 and 8, respectively) to give an aqueous solution 
containing 15 % of the mixed monomer. Each solution was subjected to polymerization under the same 
reaction conditions as in Example 1 to give a polymer. 

With respect to each of the obtained polymers, the degree of polymerization, the average molecular 
weight and the content of water-insoluble gel were determined. The results were as follows. Both polymers 
had average molecular weights of not less than 10 e and good water solubilities and did not contain any 
water-insoluble gel. 

Example 7: Degree of polymerization: 99.1 % Average molecular weight: 2.48 x 10* Content of water- 
insoluble gel: 1.2 g/g 

Example 8: Degree of polymerization: 98.8 % Average molecular weight: 1 .02 x 1 0 6 No water- 
insoluble gel was observed. 



Comparative Examples 7 and 8 

The same procedures as in Examples 7 and 8, respectively, were repeated except that N.N- 
dimethylaminopropylacrylamide containing 190 ppm of the divinyi monomer (N-allylacrylamide) was used 
instead of the N,N-dimethylaminopropy (acrylamide used in Examples 7 and 8, to give polymers. Each of 
the obtained polymers formed a massive gel when the polymer was dissolved in water. Accordingly, the 
degree of polymerization and the average molecular weight of the polymer could not be determined. The 
contents of water-insoluble gel of the polymers were 420 g/g and 387 g/g, respectively. 

The content of the divinyi monomer in the N,N-dimethylaminopropylacrylamide sulfate which was 
obtained by reaction with sulfuric acid and subjected to polymerization, was 115 ppm. 



Claims 

1. A process for preparing a cationic polymer having a high molecular weight and a good water-solubility 
and wherein the content of water-insoluble gel is not more than 50 g/g. the process comprising: 
polymerizing or copolymerizing at least one monomer selected from the group consisting of a vinyl 
monomer represented by the general formula (1). a neutralized salt monomer represented by the 
general formula (2) and a quaternary ammonium salt monomer represented by the general formula (3): 
and a vinyl monomer represented by the general formula (4). in a ratio of the monomer (1). (2) or (3) to 
the monomer (4) of 100 : 0 to 5 : 95 by mole, the content of a divinyi monomer represented by the 
general formula (5) in said monomer (1 ), (2) or (3) being 100 ppm. 

2. The process of Claim 1, wherein the content of the divinyi monomer is not more than 20 ppm and the 
content of water-insoluble gel is not more than 30 g/g. 

3. A cationic polymer having a good water-solubility which has an average molecular weight of not less 
than 10 6 and wherein the content of water-insoluble gel is not more than 50 g/g, said cationic polymer 
being prepared by polymerizing or copolymerizing at least one monomer selected from the group 
consisting of a vinyl monomer represented by the general formula (1). a neutralized salt monomer 
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represented by the general formula (2) and a quaternary ammonium salt monomer represented by the 
general formula (3); and a vinyl monomer represented by the general formula (4), in a ratio of the 
monomer (1), (2) or (3) to the monomer (4) of 100 : 0 to 5 : 95 by mole. 

5 4. The cationic polymer of Claim 3, wherein the content of water-insoluble gel is not more than 30 g/g. 

CH 2 =C-CONH ( CH 2 ) 3 N 
J o R 3 

wherein Ri represents hydrogen atom or methyl group, and R 2 and R 3 represent alkyl group having 1 
to 3 carbon atoms. 



75 



20 



35 



40 



12) 



?1 R 2 
CH 2 =C-CONH ( CH 2 ) 3 N-H . X 

\ 

wherein Ri , R2 and R3 are the same as defined in the above (1), and X represents anionic counter ion. 

25 CH 2 =C-CONH( CH 2 ) 3 + N-R 3 . X" 

\ 

3Q wherein Ri, R 2 . R3 and X are the same as defined in the above (2), and R4 represents alkyl group 
having 1 to 4 carbon atoms or benzyl group. 

I 1 

CH 2 =C-CONH 2 



50 



wherein Ri represents hydrogen atom or methyl group. 

(5) R, 

CH 2 =C-CONH-CH 2 -CH=CH 2 

wherein Ri represents hydrogen atom or methyl group. 

Herein the average molecular weight Mw is obtained as a value calculated, according to the 
following formula, from the intrinsic viscosity fo] which is determined at 30* C by means of an Ostwald 
viscometer, using solutions prepared by dissolving the polymer into IN sodium nitrate aqueous solution. 

M = 1 . 4 x 10 5 x [n] 3 / 2 
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